bioavailability of phenytoin preparations could make all the difference between effective control and intoxication. A slight alteration in the activity of the hydroxylase enzyme in the liver might also lead to a marked change in the serum phenytoin level. Such an effect on the enzyme can be produced by adding other drugs such as sulthiame (Houghton & Richens 1974b , c), pheneturide Huisman et al. 1970 , and isoniazid (Brennan et al. 1970) , or perhaps by minor intercurrent infections or metabolic changes. These latter may well account for the occasional sudden occurrence of intoxication in a patient who has been stabilized for months or even years on the same dose of drugs.
There is no doubt that the kinetics of phenytoin create management problems and represent a great disadvantage to an otherwise invaluable drug. Perhaps what is most required is a reappraisal of the lower limit of the therapeutic range. If a level well below 10 ,ug/ml is compatible with adequate control in many patients, far greater stability of the serum concentration will be achieved because a greater change in enzyme activity or drug intake is allowable without too much change in serum level.
Summary
The measurement of serum phenytoin concentration in patients with epilepsy is a valuable aid to management because a wide range of serum concentrations occurs with a standard dose of the drug, many patients falling outside the therapeutic range. Phenytoin metabolism is a saturable process, and therefore a steep relationship exists between therapeutic serum phenytoin concentrations and the dose of the drug. This can result in difficulty in achieving a stable concentration. (1960) Jinnai & Mukawa (1970) and Narabayashi & Mizutani (1970) , and personal reports from Professor E S Watkins and from Dr C M Bertrand, we made bilateral stereotaxic field of Forel lesions in patients whose epilepsy was so frequent, and poorly controlled by drugs, as to make their lives burdensome to themselves and for those caring for them. The principal criterion in accepting patients for consideration of surgical treatment was the frequency of the attacks. Most of the patients were having 8 or 10 or even more fits daily, in spite of heavy medication given even to the point of toxicity.
The fields of Forel are situated between the thalamus above, the medial border of the internal capsule laterally, the subthalamic nucleus of Luys below, and the posterior hypothalamic nuclei medially. They are composed of the dorsal and ventral tegmental areas with the zona incerta between them. Fibres passing through the dorsal tegmental area come from the red nucleus and mid-brain, and radiate to the thalamus, striatum and cortex. The ventral tegmental area largely consists of efferent pallidal fibres to the substantia nigra, and red nucleus. The zona incerta which lies between the tegmental areas is in part nuclear and in part contains fibres radiating between the neighbouring structures. The rationale for Forel lesions in the treatment of centrencephalic epilepsy is not clear. To be successful presumably bilateral lesions would be necessary.
Preoperative investigations included IQ assessment, a number of EEG recordings, skull X-ray, pneumo-encephalography, and CSF examination.
None of the patients was suffering from classical temporal lobe epilepsy, although in two, their recordings included temporal lobe discharges on EEG in addition to more widespread disturbance. No patients with advanced cerebral atrophy were treated. The attacks were usually classical grand mal, or minor epilepsy; in three cases there were focal features such as adversion, or unilateral motor seizures, which proceeded to generalized seizures.
Method
Under general anesthetic the Rivers-Bennett frame was used to fix a multi-perforated sphere designed by Watkins, into each side of the vault of the skull at the coronal suture; a few days later under local anaesthesia a bipolar microelectrode of the Bertrand pattern was passed to the target area. On a storage oscilloscope and audio amplifier the amplitude and density of single unit discharges could be displayed and distinction made between regions with cells, or with fibres only. Thus it was known when the electrode passed through the thalamus, the dorsal tegmental area, the narrow zona incerta with its increased firing again and then the quieter ventral tegmental area, and then the active subthalamic nucleus of Luys. In some patients bursts of unit discharges occurred which might have been abnormal. A unipolar electrode with a 1.5 mm diameter and 1 mm long tip was then passed down the tract to 1 mm above the subthalamic nucleus in place of the microelectrode which was withdrawn. A recording was then made of the combined electrical activity of the local cell population. The dominant frequency of rhythmic ongoing activity was similar to that recorded preoperatively from the scalp. In most cases these were bursts or runs of abnormal activity consisting of sharp waves or spikes and delta waves. When a further recording was made after the lesion the abnormalities were still present. Stimulation was sometimes carried out using a 50 Hz square wave up to 2 V. This produced mild sympatheticomimetic responses with pupillary dilatationslight increase of pulse rate and blood pressure, and alerting. This electrode was then withdrawn and a 5 mm long lesion-making electrode passed to just above the subthalamic nucleus. The lesion could be lengthened into the thalamus above by withdrawing the electrode 5 mm. Alternatively, the electrode could then be passed down another trajectory laterally to interrupt lenticulothalamic fibres and some medial corticospinal fibres in the neighbouring internal capsule just behind its genu. The guide was then removed. The same procedure was repeated on the opposite side between one and three weeks later.
The first 2 cases were children with centrencephalic epilepsy. There were no focal features of their fits, and no lateralizing EEG abnormality. Bilateral field of Forel lesions were made. They were very drowsy up to two weeks after each side was operated on, and during this period suffered fewer fits. When they returned to full consciousness their fits were as frequent as before. One of them was very apathetic for the next twelve months before returning to her previous degree of alertness but with a lower IQ.
The next patient provided a clue to the future selection of patients. He was a man of 22 whose generalized fits were preceded by head turning to the left, and his EEG showed predominantly bilateral dysrhythmia and a right temporal abnormality. He also had minor 'petit mal'-like attacks. There were also outbursts of aggression. Lesions were made in both fields of Forel and they extended into the thalamus above and into the internal capsule laterally 5 mm posterior to the genu. Eighteen months later his major fits are very infrequent, as are his aggressive outbursts. He still has clusters of minor attacks. With our present experience we would only have Eighteen months later he has 2 fits in every ten days instead of 80 in the same period and he is receiving reduced medication.
Recently a woman of 26 with an infantile left hemiparesis, having generalized seizures many times a day, and whose EEG showed a right parietal focus, was treated in the same way with unilateral Forel and amygdalar lesions. The temporal lesion may have been unnecessary, since the EEG focus was entirely parietal. On a reduced nontoxic medication she has only occasional fits three months later.
There were two adults with typical centrencephalic epilepsy and outbursts of aggression. In both of them the aggression has been reduced, but in only one has the incidence of epilepsy fallen, and then only moderately.
Since this series was commenced, Bertrand has published his experience of stereotaxic procedures for epilepsy (Jelsma et al. 1973) . He placed his patients in 3 groups. In the first were patients with focal motor seizures and an EEG focus of abnormality. In the second were patients with generalized seizures with a focal onset and a 'centrencephalic EEG pattern'. The third had generalized seizures with no focal onset, and also a 'centrencephalic' type of EEG. Our own cases fall into 2 groups. In the first there were 4 patients (Table 1) , with generalized seizures with no focal features, except perhaps in case 3, and minor epilepsy; there was diffuse bilateral EEG abnormality. Only one of them showed a reduction in the frequency of the attacks, from about 30 to 9 a month, after surgery. This accords well with Bertrand's 'centrencephalic epileptics, none of whom were benefited. In our second group, with 3 patients (Table 2) , there were focal discharges on the EEG as well as generalized disturbances. The patients suffered focal attacks preceding grand mal; or from isolated grand mal convulsions as well which were generalized from the outset. We have called this secondary centrencephalic epilepsy although it does not correspond precisely to Bertrand's classification.
Bertrand has treated 3 similar epileptics with frontal EEG foci lesions more posteriorly into the internal capsule, where motor activity could be stimulated: 2 showed slight and 1 marked improvement; 1 became hemiplegic. Our patients, with the Forel lesions extending into the genu of Not performed Never violent since (epilepsy much improved) the capsule more anteriorly were all much improved. Two of them had also a unilateral amygdaloid lesion. There were no patients with obvious focal features in their fits, with purely 'centrencephalic' EEG patterns, corresponding to Bertrand's 'secondary centrencephalic seizures'.
An interesting phenomenon has been the effect of Forel lesions on aggression (Table 3) . Two of the 'centrencephalic' epileptics were subject to attacks of aggressive behaviour. One was much more docile and the other improved to a lesser extent after operation. One has no reduction of her fits, and the other only slight reduction. Sano (1970) has described an 'ergotropic triangle' between 1 and 5 mm from the wall of the third ventricle and formed by the midpoint of the intercommissural line, the mamillary body and the tip of the aqueduct. Stimulation in this zone causes tachycardia, a rise in blood pressure and pupillary dilatation. He claims that lesions made here for aggressive behaviour usually result in docility. The most medial portion of the lesions in the present series just extend to the lateral boundary of his target zone, and stimulations produced similar results to his.
To conclude, it is thought that Forel lesions or Forel-H-otomy as it has been called, is of little value in the management of intractable idiopathic epilepsy, with widespread EEG abnormality of the centrencephalic type. If the patient shows uncontrollable aggressive behaviour, then operation might perhaps be considered, with the lesion extending more medially into the posteromedial 4ypothalamus. W,here, however, the epilepsy is focal in onset, and there is a lateralized EEG abnormality, particularly with a focus, the situation is more hopeful. If cortical exploration is contra-indicated because of the likelihood of neurological deficit following excision of electrically abnormal areas, stereotaxic Forel lesion including the medial part of the genu of the internal capsule on the side of the abnormality should be the first surgical procedure considered and certainly before performing a hemispherectomy. An amygdalar-hippocampal lesion can also be made if there is an EEG temporal abnormality.
Addendum (November 1974) : There has been a further case of secondary centrencephalic epilepsy. He was having up to 15 attacks of unconsciousness daily and numerous minor attacks. He was most aggressive. EEG showed left front and mid-temporal foci. Following a Forel lesion the attacks were reduced to one or two a week. An amygdalar lesion was required to reduce his aggression to manageable proportions.
